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For: DEVICE FOR PROTECTING 

AGAINST VOLTAGE SURGES 

PRELIMINARY AMENDMENT 

Assistant Commissioner for PatentsMarch 14, 2002 
Washington, DC 20231 

Sir : 

Prior to the first Official Action and 
calculation of the filing fee, the following preliminary 
amendments and remarks are respectfully submitted in 
connection with the above-identified application. 

IN THE ABSTRACT OF THE DISCLOSURE : 

Please replace the Abstract of the Disclosure with 
the rewritten Abstract of the Disclosure attached on a 
separate sheet attached hereto. 

IN THE CLAIMS : 

Please amend the claims as follows: 
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— 3. (amended) Device according to Claim 1, 

characterized in that a disconnector (4) is disposed upstream 
of the common terminal of the two elements (1, 3) which is 
connected to the line (5, 7) to be protected. — 

— 4. (amended) Device according to Claim 1, 

characterized in that it is formed by an envelope of 
substantially cylindrical shape of which the two ends are 
formed by two metal rings (10, 12) insulated from one 
another constituting its two terminals, each of them being 
respectively connected to said common terminals of the two 
elements (1, 3) . — 

— 6. (amended) Device according to Claim 4, 

characterized in that the varistor (3) has the shape of a 
tube which is disposed around the Zener diode lightning 
arrester element (l 1 ) so that its longitudinal axis merges 
with the longitudinal axis (yy f ) of the cylindrical 
envelope . -- 

— 9. (amended) Device according to Claim 7, 

characterized in that the space inside said inner tube (20) 
is filled with an insulating and resistant product such as 
in particular an epoxy resin. -- 

--10. (amended) Device according to Claim 1, 
characterized in that it is constituted by a connector 
support (23) which comprises means for respectively 
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receiving the elements (1, 3) and which ensures their 
connection in parallel as well as the connection of their 
respective common terminals with the terminals of the 
device . — 

REMARKS 

Claims 3, 4, 6, 9, and 10 have been amended to 
eliminate multiple dependencies. 

Entry of the above amendments is earnestly 
solicited. An early and favorable first action on the 
merits is earnestly requested. 

Should there be any matters that need to be 
resolved in the present application, the Examiner is 
respectfully requested to contact the undersigned at the 
telephone number listed below. 

Attached hereto is a marked-up version of the 
changes made to the claims by the current amendment. The 
attached page is captioned "VERSION WITH MARKINGS TO SHOW 
CHANGES MADE . " 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit 
any overpayment to Deposit Account No. 25-0120 for any 
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additional fees required under 37 C.F.R. § 1.16 or under 37 
C. F.R. § 1. 17 . 

Respectfully submitted, 
YOUNG & THOMPSON 



Benoit Castel, Reg. No. 35,041 

745 South 23 rd Street 
Arlington, VA 22202 

BCrlmt Telephone (703) 521-2297 

Attachments 
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DEVICE PROTECTING AGAINST VOLTAGE SURGES 
ABSTRACT 

A device for protection against voltage surges in an 
electric power supply line includes at least two elements 

(1', 3), namely a Zener diode lightning arrester (1') fast- 
blow in short circuit,, and a varistor (3), arranged in 
parallel. One of the terminals common to the two elements 

(l f , 3) is connected to the line to be protected, and the 
other common terminal is connected to earth or to a common 
conductor element . 
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IN THE ABSTRACT OF THE DISCLOSURE : 

The Abstract of the Disclosure has been amended as 

follows: 

DEVICE PROTECTING AGAINST VOLTAGE SURGES 
ABSTRACT 

jpke invention conccrno aA device for protection 

against voltage surges in an electric power supply line. 
Said — device — is — characterized — ehf* — that — ±-t — comprioco line 
includes at least two elements (l 1 , 3), namely a Zener 
diode lightning arrester (1') fast-blow in short circuit, 
and a varistor (3) , arranged in parallel, onc parallel. One 
of the terminals common to oaid the two elements (l f , 3) 
bcing is connected to the line to be protected, and the 
other common terminal bcing is connected to earth or to a 
common conductor element. 

IN THE CLAIMS : 

The claims have been amended as follows: 

— 3. (amended) Device according to one of Claims 
1 or 2, Claim 1, characterized in that a disconnector (4) is 
disposed upstream of the common terminal of the two elements 
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(1, 3) which is connected to the line (5, 7) to be 
protected . -- 

— 4. (amended) Device according to efte — e£ — fefee 
preceding — Claimo , Claim 1, characterized in that it is 
formed by an envelope of substantially cylindrical shape of 
which the two ends are formed by two metal rings (10, 12) 
insulated from one another constituting its two terminals, 
each of them being respectively connected to said common 
terminals of the two elements (1, 3).— 

--6. (amended) Device according to one of Claims 4 
or 5, Claim 4, characterized in that the varistor (3) has 
the shape of a tube which is disposed around the Zener 
diode lightning arrester element (l f ) so that its 
longitudinal axis merges with the longitudinal axis (yy 1 ) 
of the cylindrical envelope. — 

— 9. (amended) Device according to one of Claimo — 7- 
or 8, Claim 7, characterized in that the space inside said 
inner tube (20) is filled with an insulating and resistant 
product such as in particular an epoxy resin. — 

— 10. (amended) Device according to one of Claimo 1 
or 2, Claim 1, characterized in that it is constituted by a 
connector support (23) which comprises means for 
respectively receiving the elements (1, 3) and which 
ensures their connection in parallel as well as the 
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connection of their respective common terminals with the 
terminals of the device.— 
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DE VICE FOR PROTECTING AGAINST VOLTAGE SURGES 
The present invention relates to a device intended to ensure protection of 
electrical apparatus against voltage surges which sometimes occur on the 
conductors used in electric energy distribution networks, particularly in the event 
5 of lightning striking. 

The prior state of the art has proposed a very diverse quantity of lightning 
arrester devices which are connected between a wire of the network and earth or 
a common conductor element, and which comprise components which, in normal 
functioning, act like neutral elements but which, in the event of violent voltage 
10 surge, become conducting so that they divert the current due to the voltage surge 
and in particular to the lightning, thus protecting the installation disposed 
downstream against the destructive effects of such voltage surge. 

The technical characteristics which are required of such apparatus are very 
varied, with the result that, up to the present time, no lightning arrester device on 
15 the market totally satisfies all the necessary characteristics: 
The latter are the following: 

- very short response time, 

- very great power of flow of the current, 

- very low residual voltage, 

20 - continuity of the service, and of the protection, 

- cost price having to be able to be determined as a function of the cost of 
the apparatus and of the devices to be 
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protected. 

In order to perform such a function, it has been proposed to use gas 
discharge arresters. However, these latter possess noteworthy drawbacks and in 
particular that of presenting a considerable delay at ignition so that, in certain 
5 cases, and especially in the case of particularly violent and rapid voltage surges 
provoked by lightning, the electronic apparatus deteriorate before the lightning 
current is diverted by the discharge arrester. 

Varistors have also been employed which present the advantage of 
absorbing considerable thermic and electric energies without being destroyed, 
10 when they are subjected to current impulsions, so that they thus make it possible 
to peak-clip a voltage surge, particularly provoked by lightning, without the 
supply of current of the apparatus that the device intends to protect being 
interrupted. An example of a characteristic of varistor is represented in Figure 1 
(curve b). 

15 However, it is generally known that a lightning arrester is a device which is 

connected between a line to be protected and earth or a common conductor 
element, and which becomes conducting when a transitory voltage surge occurs 
and which, by flowing off the energy therefrom, protects the sensitive electronic 
equipment disposed downstream, against the destructive effects of this voltage 

20 surge. It is thus understood that a lightning arrester of ideal type must not conduct 
the electric current when the voltage at its terminals is normal and must rapidly 
conduct a large quantity of current when the voltage becomes 
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abnormal, while maintaining the voltage surge at an acceptable level. 

Now, the principal drawback of varistors is that, under the effect of 
repeated electric shocks, and by reason of the high operational temperatures, they 
are subjected to wear which is translated by a resistive fast-blow by lowering of 
5 the peak-clipping threshold. One is thus obliged to introduce disconnectors 
(standard NFC 61-740 July 1995 and standard CEI 61653-1 of March 1st, 1998) 
in the energy lines, whose purpose is to open the circuit in the case of fast-blow 
in order to avoid a fire being started. One of the disconnectors used is obligatorily 
disposed inside the body of the lightning arrester, which brings about elimination 

10 of the protection as soon as it is actuated. 

Such a mode of operation is extremely risky at the level of protection of an 
installation insofar as, during a storm, the voltage surges follow one another at a 
certain rhythm depending on the different thunder claps. Various means intended 
to overcome this drawback have therefore been proposed, particularly by 

15 disposing a plurality of varistors in parallel, which is possible thanks to the 
importance of the slope (U/I ratio) of their characteristic. Such a placing in 
parallel may be effected with the aid of varistors of different values, which makes 
it possible to monitor, to a certain extent, the order of their destruction. 

It is also known that another drawback of the varistors is that they present 

20 too high a residual voltage in the case of a very rapid voltage front 
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and in the case of very strong currents. 

Lightning arrester devices have also been proposed, employing Zener 
diodes which present the advantage of not being influenced by wear due to 
repeated electric shocks and of operating at high temperatures. These lightning 
5 arresters are such that, once the Zener diode is destroyed due to a voltage surge, 
they immediately become conducting, with the result that they conduct the 
voltage surge to earth. In that case they present a considerable capacity of flow of 
the currents and very weak residual voltages, and this in all cases. 

Unfortunately, lightning arresters of this type present the drawback of 

10 being of a high cost, insofar as the Zener diodes used are constructed from 
monocrystalline silicon which is much more expensive than the products used for 
producing the varistors and which must be disposed between heat-dissipating 
discs made of copper or silver. Such lightning arresters must therefore be 
constructed with a large number of discs which is a function of the magnitude of 

15 the energy that it is desired to absorb before destruction of the element in short- 
circuit. 

Nonetheless, despite their cost, such lightning arresters are, however, 
interesting, since, after they are destroyed, they ensure a continuity of the 
protection of the apparatus that they are intended to protect. 
20 Patent DE-U-298 08 365 also discloses a high voltage protection circuit 

intended to protect low input impedance measuring devices 
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making it possible to avoid different problems which are encountered on the 
conventional circuits and in particular current loss effects during high-precision 
measurements. 

This circuit, whose purpose is different from the one forming the subject 
5 matter of the present Application, comprises a varistor and a Zener diode which 
are associated. However, the terminals of these two elements are not common 
and the circuit can therefore not perform the function of the circuit according to 
the invention. 

The present invention has for its object to overcome the various drawbacks 
10 of the prior art by proposing a device for protection against voltage surges, and 
particularly against the effects of lightning, which satisfies all of the different 
conditions envisaged hereinabove. 

The present invention thus has for its object a device for protection against 
voltage surges in an electric power supply line, characterized in that it comprises 
15 at least two elements, namely at least a Zener diode lightning arrester of the fast- 
blow in short circuit type, and a varistor, whose terminals are common and which 
are arranged in parallel, one of the terminals common to these two elements being 
connected to the line to be protected, and the other common terminal being 
connected to earth or to a common conductor element. 
20 The varistor element may be associated with a disconnector which will be 

disposed between it and the line to be protected. Furthermore, a disconnector 
may be disposed upstream of that common terminal of the two elements which is 
connected to the line to be protected. 
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In a particularly interesting form of embodiment of the invention, the 
device will be constituted by an envelope of substantially cylindrical shape, of 
which the two ends will be formed by two metal rings insulated from each other, 
which will constitute its two terminals, each of them being respectively joined to 
5 said common terminals of the two elements. The Zener diode lightning arrester 
will preferably be disposed along the longitudinal axis of the cylindrical envelope. 
The varistor element will take the shape of a tube which will be disposed around 
the Zener diode lightning arrester element, so that its longitudinal axis merges 
with the longitudinal axis of the cylindrical envelope. Furthermore, the inner and 

10 outer surfaces of the varistor element may be respectively in contact with an inner 
metal tube and an outer metal tube which will form its electrodes and which will 
be respectively in contact with the metal rings. 

Interestingly, the connection between the metal ring and the outer tube is 
ensured by welding spots whose volume and number are such that they are 

1 5 adapted to melt under the effect of a voltage surge so as to perform a function of 
disconnector. 

The interior space of the inner tube may be filled with an insulating, 
resistant product such as in particular an epoxy resin. 

The protection device according to the invention may also be constituted 
20 by a connector support which comprises means for respectively receiving the 
elements which ensures their connection in parallel as well as the 
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connection of their respective common terminals with the terminals of the device. 

Figure 1 is a graph representing the characteristics (i.e. the variation of the 
voltage as a function of the current), on the one hand, of a lightning arrester of the 
type incorporating Zener diode (curve a) and, on the other hand, of a varistor 
5 (curve b). 

Figure 2 is a diagram showing a protection device according to the 
invention and its practical arrangement on a current line to be protected. 

Figure 3 is a view in axial and longitudinal section of a form of 
embodiment of a protection device according to the invention. 
10 Figure 4 is a view in perspective of a second variant embodiment of a 

protection device according to the invention. 

As shown in Figure 2, two lightning arrester elements have been associated 
in parallel, namely a Zener diode lightning arrester element of the type in which a 
short circuit is established between its terminals when a certain level of voltage 
15 surge is attained, and a varistor 3, so that their respective terminals c and c', on 
the one hand, and d and d', on the other hand, are common. 

The lightning arrester is intended to ensure protection of an electric line 5. 
To that end, one of the common terminals c, c' of the two lightning arrester 
elements 1 and 3 is connected to line 5 and their other common terminal d, d f is 
20 connected to earth. A disconnector 4 is disposed on the line 5 upstream of the 
lightning arrester elements 1 and 3 and another disconnector 6 is disposed just 
upstream of the 
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varistor 3. The other line 7 of the installation may be protected in the same way. 

Figure 1 shows the respective characteristics a and b of the two lightning 
arrester elements 1 and 3, i.e. the variation of the voltage V at the terminals of an 
element as a function of the intensity I of the current which traverses it. In this 
5 way, four zones I, II, III, IV can be distinguished, as a function of the value of the 
current. 

Concerning element 1, which is the lightning arrester comprising a Zener 
diode, it is observed that: in the first zone I, a very weak current is established 
and corresponds to the polarization of the Zener diode. In the second zone II, 

10 which corresponds to a so-called avalanche zone, the voltage is almost constant 
whatever the current which traverses the lightning arrester. In the third zone III, 
the electric power established, which corresponds to the product of the voltage 
maintained by the current, generates, within the lightning arrester, considerable 
heat which provokes fusion of the elements and which gives the assembly a very 

15 low definitive electric resistance. In the fourth zone IV, the resistance having 
become very weak, the voltage at the terminals of the lightning arrester rises little 
despite the very high currents. It is known that the process of peak-clipping which 
is effected in zones I and II is a process of reversible nature creating no wear and 
no change of the characteristics of the lightning arrester. Inversely, in zone III, 

20 there is a sudden and irreversible change of the characteristics. 

As shown in the same Figure 1 , the corresponding characteristic of element 
3, namely the 
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varistor, lies beneath that of the lightning arrester element 1, so that, when the 
two lightning arrester elements are associated in parallel and their respective 
connection terminals are common and they are consequently supplied at their 
ends by the same voltage, it is the element 3 constituted by the varistor which 
5 ensures the delivery of the current (since for a voltage of about 500 volts at the 
terminals of these two elements the varistor 3 will deliver a current with an 
intensity of the order of 0.05 milliamperes while the current delivered in the 
lightning arrester will be of the order of about 5 microamperes). The association 
in parallel, with common terminals, of the varistor 3 and of the lightning arrester 1 
10 essentially constituted by a Zener diode, will make it possible, when the voltage 
at the terminals of the varistor attains the avalanche value of the Zener diode, to 
continue to conduct the current until the blow-out power of the Zener diode is 
attained, which will be produced for a current value much higher than what it 
would have been without the association of the varistor. 
15 Figure 3 shows a practical example of implementation of a lightning 

arrester device. This lightning arrester device is of substantially cylindrical shape, 
with longitudinal axis yy*. It comprises two metal end rings 10 and 12 which 
constitute the two connection tenninals of the lightning arrester. One of these 
rings, the lower ring 12 in the drawing, is connected by welding of a metal tube 
20 14 of smaller diameter. Each of the two metal rings 10, 12 receives, in a zone 
close to its end, a metal disc 16 with which it is connected by welding. There 
have been arranged along the 
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longitudinal axis yy' of the device, two Zener diode lightning arrester elements 1' 
of the fast-blow in short circuit type. These two elements 1' are arranged in series 
and are connected by a tubular metal join 18 so that their end terminals are 
respectively welded to the discs 16 at the centre thereof. The two Zener diode 
lightning arrester elements 1' are of the type in which, under the effect of a very 
high power, they short circuit definitively. Such lightning arresters are in 
particular of the type such as those described in Patents FR-A-2 511 556 and FR- 
A-2 585 892. 

The two lightning arrester elements 1' are surrounded by a metallic tubular 
element 20 which is welded to one of these ends on the upper disc 16 and which 
constitutes an armour intended to give it a sufficient mechanical strength to allow 
it to withstand the high powers which are generated by the currents developed by 
the phenomenon of lightning, and this for a sufficient time allowing the possible 
disconnector devices to be activated. 

The varistor 3 has a tubular shape and its inner face is in contact with the 
inner tube 20 which thus constitutes one of its electrodes and its outer face is in 
contact with the outer tube 14 which constitutes its other electrode. This tube 14 
is joined to the ring 12 by welding. 

In this particular form of embodiment of the invention, the welding which 
joins the ring 12 to the tube 14 may be made to perform the role of disconnector 
6, i.e. it melts in the event of a voltage surge. To that 
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end, this weld 6' may be a solder of which the volume will be determined so as to 
provoke its fusion under specific conditions. In particular, it may be constituted 
by a series of spots distributed on the periphery of the join of the ring 12 and of 
the tube 14. 

5 The inner volume of the tube 20, as well as that defined by the inner walls 

of the ring 12, are filled with a resin 21, for example a thermosetting or epoxy 
resin. This resin is chosen, on the one hand, for its qualities of insulator but also, 
on the other hand, for its qualities of adherence with the case elements with which 
it is in contact as well as for its inherent qualities of mechanical resistance. 

10 The device according to the invention for protecting against voltage surges 

may, of course, be constituted with another structure. 

As shown in Figure 4, the protection device comprises a modular 
embeddable case 23, of the standardized type, comprising a first cylindrical 
housing allowing it to receive a Zener diode lightning arrester element T of 

15 substantially cylindrical shape and a second housing of parallelepipedic shape 
allowing it to receive a varistor 3' of the same shape. The case 23 comprises inner 
connection means making it possible to place the two lightning arrester elements 
T and 3' in parallel and to ensure the connection of their respective common 
terminals with the terminals of the device, as well as a disconnector associated 

20 with the varistor. 
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CLAIMS 

1. Device for protection against voltage surges in an electric power supply 
line, characterized in that it comprises at least two elements (1, 1', 3), namely at 
least a Zener diode lightning arrestor (1, 1') of the fast-blow in short circuit type, 

5 and a varistor (3), whose respective connection terminals are common and which 
are arranged in parallel, one of the terminals (c, c') common to these two elements 
(1, 1', 3) being connected to the line (5, 7) to be protected, and the other common 
terminal (d, d') being connected to earth or to a common conductor element. 

2. Device according to Claim 1, characterized in that the varistor (3) is 
10 associated with a disconnector (6, 6') which is disposed between it and the line 

(5, 7) to be protected. 

3. Device according to one of Claims 1 or 2, characterized in that a 
disconnector (4) is disposed upstream of the common terminal of the two 
elements (1, 3) which is connected to the line (5, 7) to be protected. 

15 4. Device according to one of the preceding Claims, characterized in that it is 
formed by an envelope of substantially cylindrical shape of which the two ends 
are formed by two metal rings (10, 12) insulated from one another constituting its 
two terminals, each of them being respectively connected to said common 
terminals of the two elements (1,3). 

20 5. Device according to Claim 4, characterized in that the Zener diode 
lightning arrester element (1, 1') is 
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arranged along the longitudinal axis (yy f ) of the cylindrical envelope. 

6. Device according to one of Claims 4 or 5, characterized in that the varistor 
(3) has the shape of a tube which is disposed around the Zener diode lightning 
arrester element (V) so that its longitudinal axis merges with the longitudinal axis 

5 (yy ! ) of the cylindrical envelope. 

7. Device according to Claim 6, characterized in that the inner and outer 
surfaces of the varistor (3) are respectively in contact with an inner metal tube 
(20) and an outer metal tube (14) which form its electrodes and which are 
respectively in contact with the metal rings (10, 12). 

10 8. Device according to Claim 7, characterized in that the connection between 
the metal ring (12) and the outer tube (14) is ensured by welding spots whose 
volume and number are such that they are adapted to melt under the effect of a 
voltage surge so as to perform a function of disconnector. 

9. Device according to one of Claims 7 or 8, characterized in that the space 
15 inside said inner tube (20) is filled with an insulating and resistant product such as 

in particular an epoxy resin. 

10. Device according to one of Claims 1 or 2, characterized in that it is 
constituted by a connector support (23) which comprises means for respectively 
receiving the elements (1, 3) and which ensures their connection in parallel as 

20 well as the connection of their respective common terminals with the terminals of 
the device. 
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DEVICE PROTECTING AGAINST VOLTAGE SURGES 

ABSTRACT 

5 The invention concerns a device for protection against voltage surges in an 

electric power supply line. Said device is characterized in that it comprises at 
least two elements (1', 3), namely a Zener diode lightning arrester (!') fast-blow 
in short circuit, and a varistor (3), arranged in parallel, one of the terminals 
common to said two elements (T, 3) being connected to the line to be protected, 

10 and the other common terminal being connected to earth or to a common 
conductor element. 
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Andrew J. PATCH; Reg. No. 32,925. Robert F. HARGEST, Reg. No. 25,590, BenoTt CASTE L, Reg. No. 
^5J34LL Eric JENSEN, Reg. No. 37,855 . and Thomas W. PERKINS, Reg, No. 33,027 , c/o YQUNH^ 
THOMPSON, S econd Floor , 74 s Sn.n;h 23xd Stceat Arlington , Virginia 222Q2 r 



Address all telephone calls to Young & Thompson at 7 03/521-2297 . 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
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